American Fertility Society [4] . The rAFS score takes into account the presence of ovarian and peritoneal implants (subdivided into superficial or deep), the severity of the adhesions and the presence or not of a complete posterior cul-de-sac obliteration (i.e. frozen pelvis). The rAFS staging system has shown poor correlation to the clinical severity of the disease, so requiring further refinement. Meanwhile a new staging system called ENZIAN score has been recently developed [5] ; it is focused on the deep pelvic endometriosis that is the most severe form of the disease.
The clinical value of this staging system and its correlation to the reproductive prognosis of endometriosis patients should be assessed.
Therapeutic options are observation, medical treatment, surgery or a combination strategy.
The most widely used medical therapy of endometriosis includes oral contraceptives, androgenic agents, progestins, and gonadotropin releasing hormone (GnRH) analogs. The choice of a surgical option depends upon the severity of the disease. Surgery is the main therapeutic option in patients with deep pelvic endometriosis. Anterior cul-de-sac endometriosis involving the bladder can be treated with laparoscopic surgery. Preoperative staging of disease is necessary because in certain cases surgery should be performed by standard laparotomy (bladder endometriosis associated with bowel involvement). Treatment of posterior cul-de-sac endometriosis can be achieved with laparoscopy, but a vaginal or a laparotomic approach is needed when vaginal or severe bowel disease, respectively are present.
Pathologic features of endometriosis
The most common site of involvement is the ovary, but virtually all pelvic organs can be affected by the disease.
Ovarian endometriosis includes a superficial form, which appears as small punctuate foci measuring no more than 5 mm, and a 'deep' one; in the latter case the typical aspect is that of the "chocolate cyst" or "endometrioma". Chocolate cysts typically have thick, fibrotic walls, a dark-brown, viscous content and their diameter rarely exceed 15 cm.
Aspect of endometriotic peritoneal implants ranges from punctuate foci to small stellar patches; according to the age of the lesion and the amount of pigment, they could appear white, yellow, red, blue or brown (Fig. 1) . 
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When the peritoneal lesion invades the subserosal layers it progressively leads to extensive fibrosis, wall thickening of the pelvic organs, nodule formation and distortion of the normal pelvic anatomy due to a fibrous retraction; the most severe form is the so called "frozen pelvis", that consists of a huge amount of tissue involving the retro-uterine excavation and causing an extensive infiltration of the posterior pelvis (torus uteri, uterosacral ligaments, vaginal and rectal wall).
Microscopic appearance of endometriosis is composed of endometrial glands, stroma and occasionally histiocytes, due to an inflammatory response caused by cyclic hemorrhages within the implant. In rare cases endometriosis may lack glands (stromal endometriosis) [6] .
Radiologic evaluation of endometriosis
Radiologists are often involved in the diagnosis and pre-operative assessment of the disease: an accurate pre-operative evaluation of the endometrial implants (location, size and depth of penetration) could help the surgeon to perform a radical surgical excision in cases in which severe fibrosis and adhesions hide deep lesions and impede laparoscopic evaluation.
Imaging methods that are used in the daily practice to diagnose endometriosis are ecotomografy, especially Transvaginal Ultrasound (TVUS) and Magnetic Resonance Imaging (MRI).
TVUS provides high resolution images of the pelvic organs, providing reliable information in patients with both acute and chronic pelvic pain [7] .
The classic endometrioma on TVUS appears as an area of low and homogenous echoes.
TVUS has been reported to be the best method for discriminating between endometriotic and non-endometriotic cysts, with a sensitivity of 83% and a false positive rate of 7%. The addition of CA-125 evaluation does not improve the diagnostic accuracy of TVUS, thus indicating TVUS alone to be the least expensive instrument for identifying the presence of endometriomas [8, 9] .
The role of TVUS for the assessment of deep pelvic endometriosis has been recently reported, with conflicting results. TVUS is apparently more accurate than Rectal Endoscopic Ultrasound (RES) for predicting deep pelvic endometriosis in specific locations and should be the first line imaging method in this setting [10] . RES appears to be the best technique for evaluating the depth of bowel infiltration by endometriosis [11] .
The role of MRI in the diagnosis of endometriosis has increased after 1987, when Nishimura et al. [12] demonstrated the value of this imaging method in the diagnosis of endometriomas. Then the use of MRI for the evaluation of deep endometriosis was proposed by Siegelman et al. [13] , who studied its role in analysing solid pelvic masses. More recently other investigators [14] showed the promising results of MRI for the specific evaluation of deep endometriosis.
Also dynamic MR imaging has been tested for this purpose, showing a good accuracy in the differential diagnosis of nodular endometriosis from other pathologic conditions of abdominal wall and pelvis [15] .
MRI technique
In our experience, MRI studies are performed with a 1.5 T magnet (Magnetom Symphony; Siemens Erlangen, Germany) and a surface phased-array coil. Patient preparation requires intravenous injection of an antispasmodic drug prior to study in order to reduce artefacts from bowel motion.
On the basis of the characteristics of our system, the standard imaging protocol includes a coronal T2-weighted HASTE sequence (half-Fourier single shot turbo spin echo: TR 700 ; TE 89; section thickness 6.0 mm; field of view 350x450 mm; matrix 320; time of acquisition 21 s), transverse T1-weighted turbo spin echo sequences from the iliac crest to the pubic sinfisis (TR 771; TE 9.7; section thickness 4.0 mm; field of view 400 x 219 mm; matrix 512x512; time of acquisition 2:46), transverse, sagittal and coronal T2-weighted turbo spin echo sequences. These sequences allow an initial complete analysis of the pelvic region and a preliminary evaluation of endometriotic lesions, which appear as hyperintense lesions in T1-weighted sequences and mildly hypointense or hyperintense in T2 weighted sequences. The FLASH T1-weighted sequences with fat suppression in transverse, coronal and sagittal plane (Fast Low-Angle Shot 2D: TR 357; TE 4.76; FA 70°; section thikness 4.5 mm; field of view 300x300 mm; matrix 256x256; time of acquisition 1:31) (T1 flash 2d fat sat ) are performed to evaluate adnexal masses because they allow a distinction between a fatty content lesion (for example a teratoma, which appear hypointense in fat-suppressed T1 weighted sequences) and endometriomal cyst (that exhibits a typical hyperintense signal in such sequences). Fatsuppressed MRI is also useful in enhancing the contrast between hemorrhagic implants and normal tissue.
Contrast-enhanced FLASH T1-weighted sequences (gadolinium Gd-DTPA 0.1 mmol/kg is administrated intravenously) are performed in selected cases, expecially when a mural nodule within a hyperintense endometrioma is observed. Finally, the contrast agent is administrated when the initial images carry the suspicion of ureteral infiltration. In such cases we perform FLASH 3D T1 weighted sequences in the coronal plane with MIP recostruction of 1 mm (MR Urography) (TR: 2.96; TE 1.21; section thickness 1.40 mm; field of view 350x490 mm; matrix 384; time of acquisition 20 sec).
Spectrum of MRI findings
The diagnosis of endometriosis by means of MRI is based on the combination of two aspects: presence abdominal areas with morphologic and signal intensity abnormalities. Endometriotic lesions appear hyperintense on T1-weighted images and mildly hypointense or hyperintense on T2-weighted images ( Fig. 2A, B) . Gradual variation of signal intensity on T2-weighted images has been described as the "shading" sign ( Fig. 2A) and it is due to chronic bleeding with accumulation of high concentration of iron and protein in the endometrioma.
Fat saturation allows differentiation between hemorrhagic (endometriomas) and fatty (dermoid cyst) content of cystic lesions (Fig. 3) . Moreover, it increases detection of small implants.
Use of contrast-enhanced imaging is required to identify solid enhancing nodules within endometriotic cysts when malignant transformation is suspected or to define the extent of inflammation associated with endometriosis. Fig. 2 . Endometriotic lesions appear mildly hypointense or hyperintense on T2-weighted images (A) and hyperintense on T1-weighted images (arrows in B). Gradual variation of signal intensity on T2-weighted images has been described as "shading" sign and is due to chronic bleeding with accumulation of high concentration of iron and protein in endometriomas (arrows in A). Fig. 3 . T1-weighted-fat-suppressed image showing a hyperintense mass on the left ovary and a disomogenous hypointense mass on the right one (A). On T2-weighted sequence (B) the left mass appear hypointense. The left mass proved to be an endometrioma with recent hemorrhage; on the contrary, owing to its appeareance on fat-suppressed sequence, the right mass proved to be a dermoid syst.
Ovarian endometriosis
Adnexal localization is the most common clinical setting of endometriosis.
TVUS remains the first diagnostic method in the evaluation of the ovary, generally reserving MRI as a tool for resolving cases in which there is some doubt.
At MRI, a large endometrioma (>1 cm in diameter) appears as a homogeneously hyperintense mass on T1 weighted MR images and show a low signal intensity on T2 weighted MR images with areas of high signal intensity. The 'shading' sign is used to differentiate endometriomas from functional hemorrhagic cysts that do not show it, which usually disappears at subsequent MRI examinations.
Another diagnostic criteria for a definitive diagnosis of endometriomas is the presence of multiple T1 hyperintense cysts regardless of their T2 signal intensity [16] .
Endometriomas are often bilateral (more than 50% of cases), multilocular or associated with interovarian adhesions; in the last case a typical MRI pattern called "kissing ovaries" could be noted (Fig. 4) . Fat suppression is mandatory to differentiate endometriomas from cystic teratomas.
'Deep endometriosis'
Deep endometriotic lesions are classified according to the anatomic location in the anterior compartment (bladder) or in the posterior compartment (uterosacral ligament, vagina and bowel).
Multifocality is a major characteristic of deep endometriosis, thus requiring in some cases different surgical procedures (laparoscopy and/or laparotomy) to obtain a complete exeresis and a functional improvement.
Endometriosis of the bladder
Localization of disease in the bladder is estimated in < 1% of patients.
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Uterus is usually anteflexed and the anterior cul-de-sac is obliterated due to extensive adhesions. The patient often complain pain, especially while urinating.
Two types of bladder endometriosis have been recognised. One develops exclusively after cesarean section and is considered to result from iatrogenic implantation of decidua. The other, a primary form, is found in women who have not previously undergone surgery on the uterus. Various hypotheses have been proposed to explain the pathogenesis in the latter case. Microscopically, the typical pattern is a focus of endometriosis scattered in the bladder wall. The main feature is the paucity of endometrial-type stroma [17] .
MRI is reliable for the diagnosis of bladder endometriosis. Endocavitary coil MRI is reliable for establishing the depth of the lesions penetrating into the bladder wall [18] .
On MRI images, bladder endometriosis can be diagnosed as a localized or diffuse bladder wall thickening, or as focal signal intensity abnormality. T2 and T1 weighted images can show a nodular hypointense mass usually located on the anterior upper or posterior bladder wall (Fig. 5) . On fat suppressed T1-weighted FLASH 2d images, some high signal intensity intralesional spots are present in some cases.
Endometriosis of the uterosacral ligaments (USLs)
USLs are one of the most common targets of pelvic endometriosis, which is diagnosed more frequently in a clinical than in a surgical setting. USLs extend over a mean cranio-caudal distance of 21±8 mm. Three regions of origin have been found: cervix alone, vagina alone, cervix and vagina. Insertion points are the piriformis muscle, the sciatic foramen and the ischial spine [19] .
This affliction often elicits pelvic pain, dyspareunia and painful bowel movement.
Women with endometriosis in this site present thick USLs due to endometriotic nodules and subsequently, fibrosis is responsible for cul-de-sac obliteration.
TVUS may provide quantitative information to manage patients with USLs endometriosis [20] .
At MRI, involvement of USLs by endometriosis is diagnosed when the ligament appears thickened or shows irregular margins (Fig. 6 ) compared with the margins of the controlateral ligament. T2-weighted images identify all lesions as iso-or hypointense to myometrium, while T1-weighted images are less sensitive due to lesions isointensity to myometrium. The proximal portion of the ligament typically presents with asymmetric nodular thickening. Fat-suppressed T1-weighted images sometimes demonstrate hyperintense spots that correlate with hemorrhagic endometrial implants on the ligament (Fig. 7) .
A A B B Fig. 7 . Fat-suppressed T1-weighted images demonstrate hyperintense spots that correlate with hemorrhagic endometrial implants on the ligament (A, B).
In patients with USLs involvement adhesions could often develop thus, providing posterior displacement of the uterus and ovaries, angulation of bowel loops, elevation of the posterior vaginal fornix, and loculated fluid collections [21] . At MRI, adhesions are detected when low signal intensity is found within the ligaments.
Endometriosis of the vagina
Endometriosis of the vagina includes lesions infiltrating the anterior rectovaginal pouch, posterior vaginal fornix and retroperitoneal area between the anterior rectovaginal pouch and posterior vaginal fornix.
Patients tipycally refer dyspareunia.
MRI represents the ideal complement to physical examination and TVUS in order to predict lesion extension upward and posteriorly. Sometimes, the use of a water enema is used to predict the extension of the lesion toward the rectum.
In patients with vaginal endometriosis axial and sagittal T2-weighted Turbo Spin Echo images usually show hypointense nodules. Anterior attraction of the rectum toward the torus uteri and asymmetric thickening of the rectal wall are associated to rectal wall infiltration. Determining the depth of infiltration of the rectal wall allows the gynaecologist to discuss the surgical approach (nodulectomy vs bowel resection) with the colorectal surgeon. The use of the endorectal coil optimizes the finding of MRI [22] .
T1-weighted images with fat suppression could demonstrate T1 isointensity of the nodule and some small hyperintense foci, suspected for micro-haemorragies (Fig. 8 A) .
Most patients with vaginal involvement also demonstrate obliteration of the retrouterine excavation ( Fig. 8 B, C) ; in such cases the extension of the pelvic focus may lead to ureteral infiltration and ureterohydronephrosis. 
Endometriosis of the bowel
Rectosigmoid endometriosis represents 70% of cases of intestinal endometriosis.
Clinical symptoms of patients with endometriosis of the recto-sigmoid colon are manifested as crampy pain, flatulence, painful tenesmus, constipation, diarrhoea and bowel obstruction.
Among patients with rectosigmoid endometriosis also dyspareunia is another common symptom. Endometriosis less frequently affects appendix, cecum and distal ileum.
The implants are usually serosal but they can erode through the subserosal layers and cause a fibromuscular hyperplasia of the muscularis propria. Due to the normal appearance of the mucosa in most patients with bowel endometriosis, diagnosis by colonoscopy is often false negative. The appearance of gastrointestinal implants on double-contrast barium enema images is characterized in most cases by a puckering or a crenulated appearance of the affected wall; when the lesion causes a circumferential narrowing of the rectosigmoid colon the differential diagnosis with a primary colon carcinoma is difficult. At MRI, bowel lesions show a signal intensity similar to fibromuscular tissue (hypointense), with occasional hyperintense foci of T1-and T2-weighted images. An asymmetric thickening of the lower surface of the sigmoid wall or a colorectal wall thickening with attraction of the rectum toward the torus uteri is a common sign (Fig. 9 ).
According to Roy C et al [23] , the use of the contrast media helps in reaching the diagnosis of an invasion inside the muscular layer of the intestinal wall. In such cases a thin bright layer on T2-weighted images together with post-contrast enhancement on fat-suppressed T1-weighted images and obliteration of fatty tissue plane between the nodule and the intestinal wall, represents the diagnostic clue of muscular layers involvement. Combined pelvicphased array and endovaginal coils improve the diagnostic power in the detection of intestinal wall invasion, when compared to phased array alone.
Malignant transformation
A limited number of endometriosis patients (<5%) will develop ovarian cancer.
Women with endometriosis-associated cancer are typically pre-menopausal, have high incidence of endometrioid and clear cell histologies, and have early stage disease [24] .
The association between endometriosis and intra-peritoneal cancer still remains unclear. Probably, women with endometriosis are more susceptible to malignant transformation because of a deficit in their immune system that enables the endometriosis to flourish. Also estrogen may play a role, so endometriosis should be closely monitored in women in the reproductive age [25] .
The typical morphologic appearance of an endometriosis-associated carcinoma is that of a unilateral large cystic mass containing hemorrhagic fluid and mural nodules. Signal intensity is low on T1-weighted images and variable on T2-weighted images. Contrast enhancement of a mural nodule at fat-suppressed T1-weighted sequences is the most important finding for a diagnosis of malignant shift. The "shading" sign within the cystic mass is rarely observed on T2-weighted images because of the diluition of the hemorrhagic fluid caused by tumor secretions. Accordingly, disappearance of the "shading" sign within the mass on T2-weighted images is a diagnostic clue to its malignancy [26] .
Conclusions
MRI is progressively becoming a widely employed technique in the diagnosis and preoperative staging of endometriosis. It should be performed in selected patients according to the results of TVUS and the severity of symptoms. This imaging method has the advantage to cover the entire pelvis thus, helping the surgeon to achieve a complete resection and prevent post-surgical recurrence.
